Cryogenian stratigraphy in South China
. The outcrops of the Precambrian strata in South China and locations of the Jiangjunshan and Eshan sections. Modified from (Wang and Li, 2003) .
Cryogenian successions in the Yangtze block are highly variable in both stratigraphic thickness and completeness (Zhang et al., 2011) . In the depocenter of the rift basin (e.g., the Sanjiang section bordering western Hunan, eastern Guizhou, and (Yin et al., 2003) ,
although Zhang et al. (2011) and Lan et al. (2015) suggested them to be Cryogenian based on lithostratigraphic correlation. Further northwestward in the shallow-water platform facies, e.g., at the Jiulongwan section in the western Hubei Province and Eshan section in eastern Yunnan Province, only the <100-m-thick Nantuo Formation diamictite was deposited and preserved between the Tonian Liantuo/Chengjiang Formation (~ 720-780 Ma) sandstone and the basal Ediacaran cap dolostone/siliciclastic rocks. Thus, as a general pattern, Cryogenian successions are more complete and thicker in deep-water basinal facies to the southeast than in shallow-water platform facies to the northwest ( Figure DR2 ). Figure DR2 . Simplified paleogeography, lithostratigraphy and radiometric dates of Cryogenian successions in South China. Question marks refer to uncertainty on the correlation between the Tiesi'ao Formation in the transitional facies and Tiesi'ao+Fulu+Chang'an formations in the basinal facies. Data sources: 1, present study; 2, Cui et al., 2013; 3, Condon et al., 2005; 4, Lan et al., 2015; 5, Yin et al., 2003; 6, Zhou et al., 2004; 7, Yu et al., 2017; 8, Lan et al., 2014 . Analytical methods: CA-ID-TIMS for 1 and 3; ID-TIMS for 6; SIMS for 4 and 8; SHRIMP for 2 and 5; LA-ICP-MS for 7. 
Stratigraphy and field photos of Eshan and Tiechang section
At the Eshan section (24°12′15.66″N, 102°28′31.33″E) in eastern Yunnan
Province of South China, the terminal Cryogenian Nantuo Formation unconformably overlies purple sandstone of the Tonian Chengjiang Formation and conformably underlies siliciclastic rocks of the Ediacaran Lunasi Formation ( Figure DR4A 
Analytical methods and results
Zircons were separated and concentrated from ~11 and ~10 kilograms of tuffaceous rock samples of 17LSJ-17 and ES-1, respectively, by standard techniques at Yuneng Geological Service at Langfang in Hebei Province, China.
About 200 zircon grains were recovered from sample17LSJ-17, and 700 from sample ES-1. A subset of more than 100 randomly selected grains was annealed in quartz vials at 900°C for 48 h in a furnace. Zircons were rinsed in ethanol and placed on double sided sticky tape for U-Pb laser ablation screening analyses. These were performed to identify any detrital or inherited components and to select the youngest population of zircons for the subsequent, time-consuming and labor intensive chemical abrasion isotope dilution thermal ionization mass spectrometry (CA-ID-TIMS) analysis.
The selected zircons were taken off the tape and placed individually in 3-ml PFA vials. Zircons were rinsed with acetone followed by a rinse in 3 M HNO 3 and individual zircons were loaded into separate microcapsules in ~3 μl of 3 M HNO 3 and ~100 μl of concentrated HF were added. An assembly of 15 microcapsules were placed in a Parr dissolution vessel containing 7 ml of concentrated HF and traces of HNO 3 . Zircons were leached for 15 h at 190°C (Huyskens et al., 2016 (Huyskens et al., 2016) . The samples were dried down and redissolved in 6 M HCl over-night, and subsequently evaporated to dryness. Samples were redissolved in 2.5 M HCl and Pb and U were separated from the matrix elements by standard HCl ion exchange chemistry (Krogh, 1973) . The Pb fraction was dried down with 0.05 ml of 0.02 M H 3 PO 4 and loaded onto zone refined Re filaments with a silica gel activator (Huyskens et al., 2012) . Pb isotopic measurements were performed on a Triton Plus TIMS at UC Davis. The
Triton plus TIMS is equipped with nine faraday cups and one secondary electron multiplier and has a total of ten amplifiers, six of which are equipped with 10 13 Ω resistors and four with 10 11 Ω resistors. Those can be connected to any of the faraday cups through a relay matrix. Gain calibration procedure of the amplifiers followed the procedure described in Trinquier (2016) . In short, we used the La Jolla Nd isotopic standard (Lugmair and Carlson, 1978) Nd/ 144 Nd ratio was used to determine the relative gain for the amplifiers with 10 13 Ω resistors. This procedure was repeated to calibrate all six 10 13 Ω amplifiers. Subsequently, a yield calibration for the SEM was performed at the beginning of the day using the Pb standard SRM 981. The accuracy of the calibration was checked using this standard daily. Due to difference in response times of the various detectors the ion beam intensity was kept close to constant in all measurements and the idle time was set to 10 seconds (Klaver et al., 2016; von Quadt et al., 2016 U-Pb ages and uncertainties were calculated using the algorithms of Schmitz and Schoene (2007) , with the decay constants proposed by Jaffey et al. (1971) (Villa et al., 2016 ) and a 238 U/ 235 U ratio of 137.818 (Hiess et al., 2012) . All non-radiogenic Pb was attributed to laboratory contamination. Weighted averages and concordia diagrams were produced using Isoplot (Ludwig, 2012) .
The synthetic standard solution from the EARTHTIME project of 500 Ma, Figure DR6 . Kernel density estimation (Vermeesch, 2012) and histogram of zircons analyzed by Laser ablation ICP-MS for samples 17 LSJ-17 and ES-1. All analyzed zircons are included, regardless of concordance. A high number (>50%) of discordant grains is caused by both Pb loss and incorporation of common Pb on the surface of unpolished grains and these results were used as a guide to select the youngest grains for ID-TIMS. 
Review of high-precision U-Pb dates of the Marinoan deglaciation
The termination of the Marinoan glaciation is currently constrained by four high-precision U-Pb dates from three different continents (Fig. 3) . Two of those samples are located within glaciogenic diamictites in Southern Australia (Cottons Breccia) and Namibia (Navachab Formation) and thus represent maximum age constraints for the termination of the glaciation. One age constraint is from directly atop the diamictite (Nantuo Formation, this study) and one on top of the cap dolostone (Doushantuo Formation) in South China, which are considered maximum and minimum age constraints respectively, for the termination of the Marinoan glaciation.
The sample from the uppermost Cottons Breccia in King Island, Tasmania, shows a bimodal 206
Pb/ 238 U age distribution, with the dominant age group ~636 Ma and a minor peak at ~662 Ma based on SHRIMP results (Calver et al., 2013) . The youngest age group was selected for CA-ID-TIMS measurements and resulted in an age of 636.41 ± 0.45 Ma (Calver et al., 2013) . A second age constraint from near the end of the Marinoan glaciation is from within the diamictite of the Navachab Formation in Namibia. Within the volcanic ash bed Mesoproterozoic xenocrysts are present (Hoffmann et al., 2004) and within the younger group (<640 Ma) the zircon ages show some dispersion ( Figure DR7 ; Prave et al., 2016) . The youngest group of five zircon grains yielded an age of 635.21 ± 0.59 Ma (Prave et al., 2016) and was interpreted to most closely represent the age of the volcanic eruption for the volcanic ash layer and its deposition.
For stratigraphic sections in South China, one tuffaceous mudstone (ES-1, this study) is located in the topmost Nantuo Formation, representing a maximum age constraint for the termination of the glaciation, and a volcanic ash layer in the Doushantuo Formation, on top of the cap dolostone (Condon et al., 2005) , representing a minimum age constraint. Both of these samples contain detrital zircons and yield the same age within uncertainty. The zircons from sample ES-1 at the top of the Nantuo Formation show a 206 Pb/ 238 U age of 634.57 ± 0.88 Ma (this study) and a Concordia date of 635.23 ± 0.57 Ma was obtained for zircons from the volcanic ash layer at the top of the cap dolostone (Condon et al., 2005) . For the latter study, many zircons show signs of Pb loss and fall on a discordia line. For the reported age however, only three concordant grains out of twelve non-detrital zircons were used ( Figure DR7 ). 
